ABSTRACT Aim: We compared neonatal deaths and end-of-life decisions in a neonatal intensive care unit (NICU) and paediatric intensive care unit (PICU) in a Dutch tertiary children's hospital.
INTRODUCTION
Most of the studies on neonatal deaths in the Western world have focused on preterm infants and have identified four major causes of mortality: prematurity, congenital malformations, perinatal asphyxia, and sepsis (1) (2) (3) (4) (5) (6) (7) . In the Netherlands, full-term neonates who suffer from critical illnesses are commonly admitted to a neonatal intensive care unit (NICU) or paediatric intensive care unit (PICU) depending on the nature of their illness (8) . Although the major causes of neonatal deaths are known, there have been no studies that have compared the mortality and causes and timing of neonatal deaths in NICUs and PICUs. There are different factors that can have an impact on the neonatal mortality rate, including birthweight and gestational age (9) (10) (11) (12) (13) . The postnatal age at death and length of intensive care stay may be simultaneously influenced by the underlying illness, but this has not been studied in much detail. In addition, neonatologists who work in a NICU may have different attitudes towards end-of-life decisions than the paediatric intensivists or paediatric anaesthesiologists who work in a PICU. End-of-life decisions can be classified using different systems (4, 5, (14) (15) (16) (17) (18) (19) (20) (21) (22) and have been widely studied in NICUs. However, little is known about the process of end-of-life decision-making for neonates in PICUs.
The aim of this study was threefold. Firstly, we wanted to determine whether there was a difference between the causes of neonatal deaths in full-term infants in the NICU and PICU in the same tertiary children's hospital and the percentage of autopsies that were performed. Secondly, we wanted to investigate which factors predisposed the infants to death. Thirdly, we wanted to investigate whether there was a difference in end-of-life decision-making between the NICU and PICU in the same hospital. 
Key notes
We compared neonatal deaths and end-of-life decisions in the neonatal (n = 199) and paediatric intensive care units (n = 36) of a Dutch tertiary children's hospital. All 235 full-term infants who died within 28 days of life in the units from 2003 to 2013 were retrospectively studied. Differences were found in the median length of stay and age at death and discontinued and redirected care because of poor survival and quality of life, respectively.
METHODS
We performed a retrospective, observational study at the Wilhelmina Children's Hospital, University Medical Center Utrecht, the Netherlands, which is a university teaching hospital with a level 3 NICU and a level 3 PICU. The hospital is one of the four paediatric cardiac centres in the Netherlands, and it has a specific strategy for admitting neonates to either the NICU or PICU. Neonates with congenital heart diseases that need cardiac surgery are usually admitted to the PICU, whereas all other neonates, including those with noncardiac congenital malformations, are admitted to the NICU. Exceptions can be made if there is a shortage of beds at one of the units.
Full-term neonates with a gestational age of 37 weeks or more who died within 28 days of life in the NICU or PICU from 2003 to 2013 were included in this study.
NICU and PICU mortality data were collected from the joint patient data management system: total admissions, birthweight, gestational age, postnatal age at admission and death, length of stay, where they were admitted from -for example home or another hospital -the disorders that led to death, end-of-life decisions and whether an autopsy was performed.
End-of-life decisions were categorised by a modified classification that is widely used in the Netherlands (23) . Three groups were distinguished: full intensive care treatment until death, discontinued treatment because of a poor chance of survival and discontinued treatment because of an expected poor quality of life. Patients were classified by evaluating the medical records.
The ethics committee of the University Medical Centre Utrecht waived the requirement to obtain informed consent for this retrospective study with anonymised data.
Student's t-tests, chi-square tests and ANOVA were used where appropriate. An alpha of 0.05 was considered significant.
RESULTS
During the study period from 2003 to 2013, 3175 neonates were admitted to the NICU and the PICU. Of these patients, 96 stayed in both the NICU and the PICU during the first 28 days of life and were excluded from the analysis. This means that 2373 neonates were exclusively admitted to the NICU and 706 were exclusively admitted to the PICU (Fig. 1) . The main reasons for NICU stays were asphyxia (52.8%) and congenital malformations (42.2%), and in the PICU, they were congenital malformations (97.2%) and primarily cardiac problems (83.3%, p < 0.001).
In the NICU, 199 full-term patients died within 28 days of life (8.4%) and the number of deaths in the PICU was 36 (5.1%). The patient characteristics are shown in Table 1 . Birthweight and gestational age were not significantly different between the two units. However, the postnatal age of death showed a significant difference of five days: the median age of death was three days in the NICU and eight days in the PICU (p < 0.001). In addition, the length of stay in the PICU was significantly longer than the NICU (seven days versus three days, p = 0.003). NICU patients mainly came from a level 2 hospital (71.9%) or were born in the Wilhelmina Children's Hospital (21.6%). Of the PICU patients, 50% came from a level 2 hospital, 33.3% were born in the Wilhelmina Children's hospital, and 16.7% were transferred from another level 3 university hospital. Table 2a shows the major causes of death, with a significant difference between the NICU and PICU with regard to congenital malformations (42.2% versus 97.2%, p < 0.001) and asphyxia (52.8% and 0%, p < 0.001). In Table 2b , the separate causes are described in more detail. The diagnoses of sepsis, infections, congenital pulmonary disease and secondary pulmonary disease were not significantly different between the two units. However, circulatory insufficiency was significantly more common in the PICU than NICU population (94.4% versus 60.8%) and secondary heart failure was significantly more common in the NICU than PICU population (40.7% versus 8.3%). No patients with asphyxia were admitted to the PICU.
There were significant differences in clinical characteristics between the two groups. Birthweight was significantly higher in patients with asphyxia than in patients with a congenital malformation. Children with asphyxia also had a significant higher gestational age, with a median of 280 days, than children with a congenital malformation: 273 days in the NICU and 276 days in the PICU. Other significant differences between the groups were the postnatal age at death, the length of stay and where they had been admitted from, for example home or another hospital (Table 3) . Table 1 shows that four times as many autopsies were performed after deaths in the NICU (45.0%) than PICU (11.1%). When we focused on patients with congenital malformations, we also found a significant difference between the autopsies performed in the NICU (38.1%) and PICU (11.4%, p = 0.003). Patients with asphyxia had significantly more autopsies (49.5%) ( Table 3) . No significant difference was found between the percentages of autopsies performed and the different end-of-life decisions.
There was a significant difference in end-of-life decisions between the groups (Table 4a ) and for the different medical disorders (Table 4b) . A quarter (25.0%) of all PICU patients died despite full intensive care treatment, while almost none (4%) of the NICU patients died without end-of-life decision-making (Table 4a ). More than half (52.8%) of the PICU patients died because treatment was discontinued because of poor chances of survival, while this decision was made in 25.1% of the NICU patients (Table 4a ). In 70.9% of the NICU patients, treatment was discontinued because of poor quality of life, while this figure was only 22.2% of the PICU patients. Most of the patients with asphyxia died after treatment was discontinued, while only 45.2% of the patients with a congenital malformation in the NICU and 22.9% in the PICU did.
Of the patients with a congenital malformation, 4.8% died despite full intensive care treatment in the NICU and 22.9% in the PICU (Table 4b) , whereas 45.2% died despite of poor quality of life in the NICU and 22.9% in the PICU. 
DISCUSSION
This study demonstrated major differences in mortality, age at death, cause of death and end-of-life decisions in fullterm neonates admitted to the NICU and PICU at the same children's hospital in the Netherlands. Our study confirmed that most of the deaths in the NICU were as a result of perinatal asphyxia (1-7), which often leads to circulatory insufficiency and secondary cerebral and pulmonary dysfunction. After asphyxia, noncardiac congenital malformations were also common in the NICU. Only a small percentage of deaths occurred in apparently healthy fullterm neonates without any other disorder who died due to sepsis, while more neonates died due to sepsis in combination with another condition. Morbidity and mortality as a result of sepsis are still high in modern neonatal medicine. However, little has been specifically published about neonates in PICUs. The most common causes of death for children admitted to the PICU were congenital cardiac malformations and infections (6, 17, 24, 25) , which may have caused respiratory failure and adverse neurological conditions (17, 26, 27) , and this corresponded with our study. Studies have shown that most neonates died in NICUs after active end-of-life decisions made by their parents and caregivers (1, 27, 28) . Our study confirmed this, as treatment was discontinued in nearly all of the NICU patients, who died. This percentage was significantly lower in our PICU. Fontana et al. found that in a large tertiary hospital in Canada, there was no significant difference between the NICU and the PICU with regard to the number of children that died under full supportive care (28) . However, they did include extremely preterm born neonates, whereas we excluded preterm infants as well as all patients who lived beyond 28 days. Their NICU and PICU units were comparable to ours, as children with perinatal asphyxia were admitted to the NICU, children with congenital heart disease were admitted to the PICU and both their NICU and PICU cared for children dying from congenital malformations. Our study echoed their findings in that the reason for discontinuing therapy for NICU patients was poor quality of life (28) . In addition, we found that the most common reason for withholding therapy in PICU patients was their poor chance of survival. Fewer end-of-life decisions were made in the PICU at our hospital and neonates stayed significantly longer in the PICU than NICU before they died. Wilkinson and Weitz (29) stated that patients that stayed in PICUs for a longer time had more discomfort and underwent more painful procedures. If children who will not survive are identified earlier in their admission, making end-of-life decisions can reduce their stay and discomfort in the ICU (6, 18) . There can be a number of explanations for this difference in end-of-life decision-making in the NICU and PICU. Based on the patient populations, the circumstances in the different units required different approaches. This difference was particularly notable when we only focused on the neonates with congenital diseases. The difference in this population may be caused by underlying conditions or by unit policy, as fewer end-of-life decisions were made in the overall PICU population and poor expected quality of life was the main consideration for discontinuing treatment in the NICU population. Overall mortality in the full-term infants in our NICU (8%) was higher than those in our PICU (5%) during the study period. With the strong reduction in sepsis due to meningococci, Haemophilus influenzae and pneumococci in the Netherlands, and the lower gestational ages of patients admitted to NICUs, patient mortality is more common in a NICU than PICU. However, it is unknown whether this has an impact on the decision-making between neonatologists and paediatric intensivists.
Most Western countries have special NICU departments for critically ill neonates (16) , but little is known about how neonates in need of intensive care treatment are allocated to different intensive care units in other countries. As this study confirmed, different units have different patient populations, expertise and different ways of treating critically ill patients (5) . Neonatologists and paediatric intensivists follow a different subspecialty training programme in the Netherlands. The level 3 NICUs and PICUs in all the university hospitals in the Netherlands have a different composition of the staff. Paediatric intensivists, as well as paediatric anaesthesiologists, and paediatric cardio-anaesthesiologists are responsible for the care of patients, including those with cardiac abnormalities, admitted to the PICU. We cannot exclude that educational and ethical differences between neonatologists and other specialists have led to different approaches and attitudes towards endof-life decisions.
The strengths of our study were that we collected a large quantity of data over a 10-year study period and made a clear distinction between a specific group of patients, namely full-term neonates, in the NICU and PICU. Our data might be the starting point for discussions on benchmarking procedures.
There were some limitations of our study. By only including neonates that died during the neonatal period, of up to 28 days, we excluded patients that died after this period. In our study period, nine patients were admitted to the NICU or PICU before 28 days of birth and died in the PICU after the neonatal period. Another three patients were just admitted to the NICU before 28 days after birth and died after 28 days. However, as these numbers were small compared to the other data, it did not affect our conclusions. Finally, the cause of death and end-of-life decisions were not recorded prospectively, but were obtained from the medical records. Nevertheless, these data were described in detail in all cases and this enabled us to make a proper classification.
CONCLUSION
This study, which was carried out in the same children's hospital in the Netherlands from 2003 to 2013, found that full-term neonates died sooner after being admitted to the NICU than PICU, which may have been due to underlying disease. In the NICU, most full-term neonates died due to the results of perinatal asphyxia, and in the PICU, neonates mainly died due to congenital cardiac malformations. Endof-life decisions were remarkably different between both units and were guided by the patient population rather than their age.
